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• BRIEF INTRODUCTION ON NEUTRINO ASTRONOMY
• TROUGH THE NESTOR DETECTOR WE WILL FOCUS 
THE ATTENTION ON  THE CHALLENGES OF THE 
TECHNOLOGY EMPLOYED BY SUCH NEW 
GENERATION OF HIGH ENERGY APPARATA.
• CONCLUSIONS.
OUTLINE OF THE TALK
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AS FAR AS IT CONCERNS THE UNDERWATER CERENKOV DETECTION 
AFTER THE PIONERING DUMAND EXPERIMENT  INITIATED OVER 25
YEARS AGO AND TERMINATED THE 1995,THE EFFORT IS HEADED BY 
THE BAIKAL NEUTRINO TELESCOPE DEPLOYED AT A DEPTH OF 1.1 
KM IN THE LAKE  BAIKAL ,SIBERIA (3,6KM FROM SHORE).
THE DETECTOR WITH 192 OPTICAL MODULES HAS BEEN 
COMPLETED IN APRIL 1998. IT WILL BE OPERATED  AS NEUTRINO 
TELESCOPE WITH AN EFFECTIVE AREA BETWEEN 1000 AND 50.000
m2.
IT IS TOO SMALL TO DETECT NEUTRINOS OF TeV ENERGIES AND IF 
IT WILL EXPANDED WITH 2000 OPTICAL MODULES WILL HAVE AN 
EFFECTIVE AREA OF 50.000-100.000 m2. AT A THRESHOLD OF 10-
20 GeV.
IT WILL FILL THE GAP BETWEEN THE PRESENT UNDERGROUND 
DETECTORS AND THE HIGH TRESHOLD DETECTORS OF KM CUBE 
SIZE.
THIS PROJECT REPRESENTS A CONCEPTUAL PROOF FOR THE DEEP 
UNDERWATER APPARATA.
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THE CHALLENGE TO FIND RELIABLE AND NOT VERY EXPENSIVE 
SOLUTIONS TO A CERTAIN NUMBER OF QUESTIONS IS OPEN.
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WE WILL NEED:
-ABYSSAL BENTIC LABORATORIES  (LAERTIS,GEOSTAR,…..)
TO GATHER INFORMATION ABOUT 
-“BENTIC STORMS”,
-OCEANOLOGICAL AND SEDIMENTARY SITUATIONS,
-VARIATION OF THE ELECTRO AND GEOMAGNETIC FIELD.
ALONG WITH OCEANOGRAPHIC INVESTIGATION WE SHOULD ALSO KNOW:
- THE GEOLOGICAL-GEOPHYSICAL PROCESSES: 
(LYTODYNAMIC PROCESS )
- THE METEOROLOGICAL PROC 
(MONITORING OF WIND SPEED ETC.FROM THE NEAREST COAST STATION)
- ECOLOGICAL PROC.
(VERTICAL FLUX OF PARTICULATES ORGANIC AND INORGANIC MATTER 
TRANSFERT FROM THE SURFACE TO THE BOTTOM)
- SATELLITE DATA ON THE SEA.
(INFRARED IMMAGES OF DIFFERENT LAYERS OF DEEP WATER)
REQUIREMENTS
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PUTTING TOGETHER  THE ACOUSTICAL, PHYSICAL AND 
OPTICAL  PARAMETERS WE NEED A COMPUTER CODE 
FOR THE SIMULATION  OF THE UNDERWATER 
CURRENTS  AS FUNCTION OF THE HEIGHT OF  THE 
DETECTOR.
PUTTING TOGETHER  THE ACOUSTICAL, PHYSICAL AND 
OPTICAL  PARAMETERS E NEED A COMPUTER CODE 
FOR THE SIMULATION  OF THE UNDER ATER 
CURRENTS  AS FUNCTION OF THE HEIGHT OF  THE 
DETECTOR.
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GOING TROUGH THE NESTOR’S TECHNICAL FEATURES WE 
WILL STRESS SOME PROBLEMS RELATED TO THE 
TECHNOLOGY TO BE EMPLOYED.
HERE BELOW WE HAVE A LIST OF SOME OF THE TOPICS:
-SITE AND ITS ENVIRONMENT.
-THE OPTICAL MODULE.
-THE ELECRO-OPTICAL CABLE WHICH CARRIES THE 
POWER   AND THE SIGNALS.
-THE DATA  TRANSMISSION.
-MECHANICAL STRUCTURAL INTEGRITY.
-.DEPLOYMENT and  RECOVERY
- CALIBRATION and MAINTENANCE.
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YOU HAVE TO POSTULATE  AS  FOLLOWS:
• THE POWER CONSUMPTION SHOULD BE AT THE LOWEST 
LEVEL.
• THE MASS OF CABLES /FIBERS RUNNING FROM THE SHORE 
STATION TO THE O.M. SHOULD BE KEPT AS LOW AS 
POSSIBLE.
• THE BOX CONTAINING THE ELECTRONICS AT THE DEPTH 
MUST HAVE A MINIMUM NUMBER OF PENETRATORS TO 
AVOID ANY LEAK.
• THE BOX SHOULD BE FILLED WITH A DIELECTRIC LIQUID TO 
BE STABLE AND INERT. (IN HYDROSTATIC EQUILIBRIUM THE  
WATER  SHOULD  NOT ENTER.)
• THE SILICON CHIPS,THE CAPACITORS EACH SINGLE 
COMPONENT SHOULD UNDERGO TO SPECIFIC TEST.
The challenges of the ocean technology employed by the underwater neutrino telescopes
M.BARONE  - NCSR ”DEMOKRITOS” and    PHYSICS  LABORATORY UNIVERSITY OF ATHENS-GREECE
THERE ARE TWO METHODS :
• THE ANALOG TRANSMISSION IN WHICH THE SIGNALS ARE 
MULTIPLEXED AND SENT WITH THE HELP OF A LASER DIODE VIA 
A SINGLE MODE OPTICAL FIBER TO SHORE , WERE THE REVERSE 
PROCESS TAKES PLACE.
• THIS SOLUTION ALLOWS :
• TO TRANSFER ALL THE DATA TO THE SHORE 
• TO PROCESS THEM.
• IT ALLOWS ALSO A MINIMUM AND PASSIVE  ELECTRONCS IN THE 
SEA WITH LOW POWER CONSUMPTION.
• THE DISADVANTAGES ARE :
• THE MULTIPLEXING IS STILL TO BE STUDIED AND THE 
SIGNAL TO NOISE RATIO IN CASE OF LONG CABLES SHOULD 
BE  IMPROVED DRASTICALLY.
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REQUIRES  A SIGNIFICANT AMOUNT OF ELECTRONIC DEVICES 
IN 
THE SEA.
DUMAND,BAIKAL AND NESTOR HAVE DEVELOPPED THIS 
METHOD.
BECAUSE OF THE USE OF THE DC TO DC CONVETER, ULTRAFAST 
ADC,ULTRAFAST CLOCKS,THE POWER CONSUMPTION IS OF 
ALMOST 11 WATTS/channel.
FOR A 1Km cube DETECTOR EMPLOYING 10.000 O.M. THIS IS 
NOT AN ATTRACTIVE SOLUTION.
THE IDEAL IS TO REDUCE THE NEEDS TO 100-300mW/channel.
AN EXTENSIVE USE OF THE C-MOS TECHNOLOGY IS A MUST!.
THE DIGITAL TRANSMISSION
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WHEN A CONSTANT POWER LOAD, LIKE THE 
UNDERWATER DETECTOR, IS SUPPLIED, A NEGATIVE 
EQUIVALENT LOAD RESISTANCE ARISES.
THIS IMPLIES A DISRUPTIVE POWER SUPPLY 
OSCILLATION.
THE POWER TRANSMISSION SHOULD BE DONE BY 
SUITABLE REGULATORS CONTROLLED BOTH IN 
VOLTAGE AND IN CURRENT.
TO ALLOW A CONTINUOUS MONITORING OF THE 
POWER CONSUMPTION EVERY MODULE SHOULD BE 
SUPPLIED SEPARATELY.
THAT CAN BE DONE WITH A LOW SPEED MODEM 
EMPLOYING THE SAME CONDUCTOR USED TO CARRY 
THE POWER.
POWER TRANSMISSION TO THE DETECTOR
The challenges of the ocean technology employed by the underwater neutrino telescopes
M.BARONE  - NCSR ”DEMOKRITOS” and    PHYSICS  LABORATORY UNIVERSITY OF ATHENS-GREECE
THE TELEMETRY CAN BE MADE  BY :
• THE CHIRPING TECHNIQUE (phase modulation process) 
PLUS DIFFERENTIAL GLOBAL  POSITIONING SYSTEM
• (HYDROPHONES MOUNTED AT VERTICES OF INVERTED 
TRIANGLE WITH THE PINGER MOUNTED HALFWAY 
BETWEEN THE BASE AND THE APEX.
• THE DIFFERENCES OF THE ARRIVAL TIME OF THE 
CHIRPS AT EACH HYDRO PHONE PROVIDE A MEANS OF 
MEASURING THE CHIRPING. 
• THE MUON TRACK RECONSTRUCTION ,AT A GIVEN 
LOCATION OF THE O.M  CAN BE RECONTRUCTED WITH 
AN ACCURACY OF 10cm.)
• He-Ne LASERS (LITTLE SCATTERING AND ABSORTION IN 
WATER.)
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• MATERIAL RESISTANT TO:
• CORROSION DEFORMATION 
(DUE TO THE HIGH PRESSURE, 4 tons/sq.inch)
• LIGHT WEIGHT.
• THE HIGH PRESSURE CHANGES THE TOLERANCES.
(ATTENTION SHOULD BE GIVEN TO CONNECTORS ,FEEDTROUGHS)
• EVERYTHING MUST BE TESTED IN LAB IN A HIGH PRESSURE 
TANK!
• KEVLAR  ROPES.
• STRESS AND FINITE ELEMENT ANALYSIS CALCULATIONS  FOR 
THE FOLLOWING MATERIAL:
• TITANIUM PURE, TITANIUM ALLOYS.
• EPOXY RESIN IMPREGNATED FIBER GLASS REINFORCED WITH 
CARBON.
• ALUMINIUM SPUTTERED WITH A PLASTIC FILM.
MECHANICAL STRUCTURAL INTEGRITY
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THE CALIBRATION OF THE O.M. IS MADE BY LASER OR 
L.E.D.
ACOUSTIC AND ENVIRONMENTAL MODULES MAKE THE 
MONITORING OF UNDERWATER CURRENTS, 
TEMPERATURE, CONDUCTIVITY WHICH AFFECTS THE 
VELOCITY OF SOUND.
COMPASSES AND TILT METERS ARE NEEDED TO MEASURE 
THE DISPLACEMENT DUE TO UNDERSEA CURRENTS
CALIBRATION AND MAINTENANCE
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IN THE 70s AND 80s WHILE MOST GROUPS ENGAGED IN 
UNDERGROUND AND UNDERWATER PROJECTS DECIDED TO 
USE LARGE  PMTs AS OPTICAL SENSORS, PHILIPS  
LABORATORIES AND  BAIKAL NT-200 DECIDED TO BUILT A 
HYBRID PMT.
AFTER A FIRST EXPERINCE WITH THE PHILIPS TUBE XP2600
,THE   “QUASAR” WAS DEVELOPED BY THE RUSSIANS.
IT HAS A MUSRHROOM SHAPE, BETTER PERFORMANCES BUT 
STILL NOT AN  HIGH GAIN AND HIGH DARK CURRENT RATE.
IMPROVEMENTS CAN BE OBTAIN USING SOME NEW
SCINTILLATORS MATERIALS. (Instead of NaI, ScBO3, 
YALO3,:Ce,having 2-3 times larger light yield).
(IN THIS SCHEME THE PHOELECTRONS FROM A LARGE 
HEMISFERICAL   CATHODE ARE ACCELERATED BY 25 KV 
TO A FAST ,HIGH GAIN SCINTILLATOR AT THE CENTER 
OF THE GLASS BULB.THE LIGHT IS READ OUT  BY A 
CONVENTIONAL SMALL PMT.)
THE OPTICAL MODULE
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NUMBER OF TUBES ORDERED 162
NUMBER OF TUBES RETURNED TO FACTORY 130
TOTAL NUMBER OF TUBES RECEIVED 292
NUMBER OF  TUBES REMAINING(GOOD+BAD) 162
NUMBER OF BAD TUBES in hour hands    54
NUMBER OF GOOD TUBES  in our hands   108
Power consumption/tube 10w
HAMAMATSU  15 inch. PMT
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A GLOBAL POSITIONING SYSTEM
• A DYNAMIC AND DIFFERENTIAL POSITIONING SYSTEM TAKING 
DATA FROM AUTONOMOUS FIDUCIAL HYDROACOUSTIC 
STATIONS LOCATED ON THE SEA BED AND FROM 
TRASPONDERS FROM SHORE. (IN THIS WAY IT IS POSSIBLE TO 
REACH AN ACCURACY OF 10cm.)
• DEDICARED SUB SEA ROBOTICS CAN BE EMPLOYED ,BUT THE 
FINANCIAL COSTS ARE HIGH!
• THE RECOVERY IS TRIGGERED BY AN ACOUSTIC SIGNAL GIVEN 
FROM THE SURFACE FLOATING UNIT.
DEPLOYMENT - RECOVERY
THE DEPLOYMENT IN THE CASE OF NESTOR WILL NEED THE 
ASSISTANCE OF A SHIP EQUIPPED WITH :
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Conclusions
SO FAR THE USER’S COMMUNITY OF SUCH EXITING FIELD 
HAS BEEN RESTRTICED  TO A SMALL NUMBER OF PEOPLE.
PRESENTLY IS INCREASINGLY VERY FAST.
WE HOPE THAT THE SOLUTIONS FOUND TO THE OCEAN 
TECHNOLOGY PROBLEMS WILL ALLOW US TO HAVE 
AVAILABLE WITHIN THE NEXT YEARS,A FEW NEUTRINO 
WATCHER DETECTORS.
